Background Differences in level of physical activity between European, Indian, Pakistani and Bangladeshi populations living in the UK might contribute to differences in the prevalence of diabetes and cardiovascular disease risk markers that exist in these populations.
Introduction
South Asian migrants to the United Kingdom and their descendants have a higher mortality from coronary heart disease (CHD) and diabetes, compared with the European origin population. [1] [2] [3] The reasons for this are incompletely understood. Factors postulated to be of aetiological importance include obesity, dyslipidaemia and insulin resistance. 4, 5 Physical activity has a significant role in the prevention of obesity 6 and diabetes, 7 and has been shown to improve lipid profile 8 and insulin sensitivity. [9] [10] [11] It has been reported that South Asians are less physically active than Europeans in the UK. [12] [13] [14] [15] A greater prevalence of physical inactivity in South Asian groups might contribute to their excess risk of CHD and diabetes. We have previously reported that for several CHD and diabetes risk markers, including obesity, waist circumference, waist/hip ratio (WHR), glucose intolerance and dyslipidaemia, South Asian populations show worse profiles than Europeans. 16 Here we compare levels of physical activity in four ethnic groups resident in Newcastle upon Tyne and test the hypothesis that risk markers for cardiovascular disease (CVD) and diabetes are associated with level of physical activity in these groups.
In this paper South Asians are defined as people with ancestral origins in India, Pakistan or Bangladesh, who had three or more grandparents born in these countries and who identified themselves as Indian, Pakistani or Bangladeshi at interview. Europeans are defined as people with ancestral origins in European countries and were identified by the exclusion of individuals from ethnic minority populations.
Methods
The Newcastle Heart Project (NHP) was a cross-sectional population-based study designed to compare the prevalence of heart disease and diabetes and risk factors for these conditions in different ethnic groups living in Newcastle upon Tyne. Details of the methods and some results have been published. [16] [17] [18] Data collection took place between 1993 and 1994 for the European sample and between 1995 and 1997 for South Asians. Ethical committee approval for the study was obtained.
Sample
The sampling frame for European subjects in the NHP was 6448 people aged 25-74 years who were sampled from the Family Health Services Authority (FHSA) Register for the Newcastle Health and Lifestyle Survey (NHLS). 19 The sampling frame for the South Asian subjects was created by identifying South Asian sounding names on the full FHSA register. 20 The sampling frames were divided by sex and into 10-year age strata, and equal numbers from each stratum were selected at random.
Data collection
Details of occupational and usual leisure-time physical activity were obtained by questionnaire. The questionnaire was based on one that has previously been used to assess physical activity in a South Asian population. 21 Subjects reported the physical demands of their usual daytime activity (from sitting for most of the day to carrying heavy loads), the number of miles they walked or cycled per day, and frequency, duration and intensity of participation in sports or similar leisure activities. Europeans self-completed questionnaires. The questionnaire was translated into four South Asian languages, then independently retranslated into English, with translators and researchers conferring to agree on equivalence of meaning. Trained interviewers administered the questionnaire to South Asians in the participant's preferred language. Biochemical measurements, anthropometric measurements, blood pressure and pulse were measured in the NHP clinic, as described previously. 16 
Classification of physical activity
We asked subjects to report their usual patterns of physical activity under the headings of usual daytime (work) physical activity, walking, cycling, and sports and recreational activities. An index of physical activity with a range of 0-8 was created by awarding points for the responses to the questions on usual patterns of physical activity as indicated in Table 1 . A score of two or more is equivalent to at least five episodes of moderate activity of 30 minutes duration per week (the current amount of activity recommended for health gains). 22 Sports and recreational activities that have a metabolic cost (MET score) of between three and six were considered to be 'moderate' activities, whereas those with a MET score greater than six were considered to be 'vigorous' activities. 23 One MET is equivalent to the metabolic energy cost of resting. Physical activity at work was excluded from the physical activity index because the evidence for the association of reported occupational activity with cardiovascular disease is less convincing than that for leisure-time activity and habitual walking and cycling. 24, 25 
Statistical analysis
Data analysis was performed using the Statistical Package for Social Sciences (SPSS version 8.0). Because of small age differences in the four ethnic groups, figures were age standardized to the 1991 England and Wales population by applying weights within SPSS, where appropriate.
Cross tabulations were used to compare the proportions physically active in each ethnic group for each aspect of physical activity and on the overall index of physical activity. Bivariate Spearman correlation analysis for non-parametric data was used to examine the relationship between the physical activity index and body mass index (BMI), waist circumference, systolic blood pressure, levels of blood glucose and insulin 2 hours post-glucose challenge, and high-density lipoprotein (HDL) cholesterol. These variables were chosen as they represent anthropometric and biochemical risk markers for CVD and diabetes that have previously been reported to be associated with levels of physical activity. All analyses included a comparison of Europeans with all South Asians together and a comparison of Indians, Pakistanis and Bangladeshis separately.
Results

Response rates
Of 1744 people sampled from the NHLS, 1308 were contacted and 840 (64 per cent) took part in the study. Of these, 15 were subsequently found to be of non-European origin and excluded from further analysis. Of 1050 eligible South Asians who were contacted, 709 (68 per cent) took part in the study. Of these, 684 classified themselves as Indian, Pakistani or Bangladeshi. Tables 1 and 2 show the responses to the physical activity questionnaire. On all measures in both men and women, Europeans were statistically significantly (p <0.05) more active than all South Asians combined (with the exception of average weekday cycling in women). When Indian, Pakistani and Bangladeshi men were compared separately they differed significantly on cycling and sport and recreation (Indians more active). The women differed significantly on usual daytime activity (Indians more active) and walking (Bangladeshis less active than the other groups). Data on the physical activity index are shown in Table 3 . Significantly more European than South Asian men (48 per cent versus 18 per cent, p <0.001) scored two or more on the physical activity index, indicating that they meet the current target of at least five episodes of moderate activity of 30 minutes duration per week. 22 The same pattern was found in the women (36 per cent versus 17 per cent, p <0.001). Table 4 shows that there were differences in the types of sport and recreational activities that the different ethnic groups reported and compares these with the activities reported by the same South Asian groups in the Health Education Authority's Survey of Black and Minority Ethnic Groups in England. 13 A higher proportion of our South Asian sample did not participate in any sport or recreational activities than was reported in the national study (90 per cent versus 57 per cent in men, 88 per cent versus 72 per cent in women). In European men swimming was the most frequently reported activity, followed by football and rugby (football and rugby were listed as one item on the questionnaire). In South Asian men football and rugby were the most popular activities, followed by swimming. Swimming was the most frequently reported activity for both European and South Asian women, followed by dancing for the Europeans and aerobics for the South Asians. In both men and women the Europeans reported engaging in a wider range of activities than the South Asians. Table 5 shows the correlation between the physical activity index and major CVD and diabetes risk markers. The physical activity index was not significantly correlated with any of the risk markers in men, except insulin in South Asians and WHR in Europeans, although the relationship between the index and the risk markers was in the expected direction (i.e. negative association). Significant negative correlations were found between the physical activity index and most risk markers in European and South Asian women and in Indian and Pakistani women. HDL cholesterol was not significantly correlated with the physical activity index in any of the groups and in most cases the relationship was negative, the opposite of what was expected (i.e. positive association).
Physical activity patterns
Relationship of physical activity to risk markers
Discussion
We have shown that South Asians, and especially Pakistanis and Bangladeshis, are less physically active than Europeans in Newcastle. In particular, individuals from the South Asian groups reported far less participation in sport and recreational activities. These findings are consistent with previous studies.
5,12-14 The Health Survey for England (HSE) 1999 reported levels and patterns of physical activity by ethnic group. 12 The survey had similar findings in that the general population reported being the most physically active, Indians the next most active, and Pakistanis and Bangladeshis the least active. The HSE also reported gender differences, with men being more active than women. The proportions meeting the current guideline for participation in physical activity were calculated. These were similar to the data reported in this paper for Indian (17 per cent), Pakistani (16 per cent) and Bangladeshi (10 per cent) women. However, the proportions of the general population (33 per cent of men and 21 per cent of women) and Pakistani (29 per cent) and Bangladeshi (24 per cent) men meeting the current guideline were substantially higher in the HSE. Similarly, in comparison with the recent BMEG report, we found that South Asians reported much lower participation in sport and recreational activities and also that the pattern of activities reported was different. 13 For example, swimming was a popular activity in both men and women in our study, but was one of the less frequently reported activities in the BMEG study. This might be partly explained by the availability in Newcastle of a swimming pool, located in an area of the city in which a large proportion of the South Asian population live, that provides single-sex swimming sessions, which are particularly popular with South Asian women.
There are a number of possible explanations for lower levels of physical activity among South Asian groups. One explanation might be that cultural attitudes and values held by people of South Asian origin do not encourage participation in sport and physical activity. A qualitative study of Bangladeshis living in London found that both men and women viewed a large body size as being more healthy than thinness, and that in the Sylheti language no phrase exists to describe physical activity as it is understood in English. 26 Exercise was not associated with health and fitness by the Bangladeshi men and women in this study and, in fact, it was believed it might exacerbate illness. 26 Evidence to support this view was found in the recent BMEG study, which reported that modesty and avoidance of mixed sex activity acted as barriers to participation. 13 It might be expected that these beliefs would be stronger among older South Asians who had spent a lower proportion of their lifetime living in the United Kingdom. In our South Asian sample level of physical activity declined with age, as was also the case in the Europeans. The data we present are age-standardized to accommodate this. However, we did not find a statistically significant difference in level of physical activity between South Asians who were born in the United Kingdom or who had spent the majority of their life here and those who migrated to the United Kingdom later in life (data not presented).
There are a number of other possible explanations for the lower levels of physical activity found in South Asians. Previous work has suggested that a fear of racism prevents people of South Asian origin from entering recreation facilities and from walking, running or cycling in public places.
14 Another possible explanation is that South Asians are, on the whole, disadvantaged socio-economically compared with the European population. 14, 16 Lack of money and/or transport to attend facilities are commonly cited as barriers to participation in sport and leisuretime activities. 27 The broader social picture in terms of socioeconomic factors, which might exert an independent influence on participation in physical activity, should be considered.
Our physical activity index was not strongly correlated with biological risk markers for CVD and diabetes in this study. Possible reasons for this are that there was an insufficient range of physical activity among the subjects in the study. Very few subjects scored highly on the index, with the majority having a score of zero or one. In addition, the difficulty of demonstrating a relationship between reported physical activity and biological measurements has already been documented. 28, 29 Measurement of complex behaviours such as physical activity by questionnaire, although practical in epidemiological studies, is limited because it generates a large measurement error. The size of the error has the effect of weakening the observed relationship between the behaviour and the outcome of interest.
The question of how best to measure physical activity in epidemiological studies to ensure comparability between different populations has been widely debated. 30, 31 Clearly, there is a need to develop a standardized and validated approach to physical activity assessment. This is a challenge currently being addressed by the World Health Organization, which is developing and validating a physical activity questionnaire for use in international non-communicable disease surveillance. 32 There are other limitations of this study. For good reason, questionnaires were interviewer-administered in the South Asian groups and self-completed in Europeans. The reason for this was pragmatic. Self-completion by South Asians was considered impractical because of high illiteracy levels among certain groups, and our resources did not extend to interviewing the European subjects. This might have introduced bias, although it is unlikely that this would explain the differences seen. We would expect that an interview would provide more accurate data. This factor, of course, does not affect differences between Indians, Pakistanis and Bangladeshis.
There is good evidence that physical activity protects against CVD and diabetes. 9, [33] [34] [35] The low levels of physical activity reported by South Asians in this study are a cause for concern and suggest a need for work to promote physical activity in these groups. This should take place in the context of a broader approach to prevent CVD and diabetes, by focusing on preventing and reducing overweight and obesity. It should be noted, however, that levels of activity are low and CVD rates are high in the European population in Newcastle, compared with England as a whole, 36 and efforts to promote physical activity in the general population must also continue.
There is little evidence for interventions that have been successful in promoting physical activity in South Asian groups. Health promotion in minority ethnic groups is not straightforward and requires a major investment in studies within these groups to gain an understanding of attitudes towards physical activity to guide intervention efforts. 37 First, a systematic review of the literature on promotion of physical activity in ethnic minority groups is needed, followed by qualitative work to define the problem and determine culturally acceptable solutions. Specific interventions should then be developed and tested for efficacy and effectiveness. and thank them once again. We also thank our collaborators on the previous papers for their important work: Julie Yallop, Sheila Patel, Naseer Ahmad, Catherine Turner, Bill Watson, Dalvir Kaur, Anu Kulkarni, Mike Laker, Anna Tavridou. We thank Salma Ayis for statistical advice. We thank the following for financial support of the Newcastle Heart Project: the Barclay Trust, British Diabetic Association, Newcastle Health Authority, R&D Directorate of the former Northern Regional Health Authority, the Department of Health, and the British Heart Foundation.
